The rotational Zeeman effect has been investigated for four different isotopic species of SiH3NCS. From the observed ^-values we have determined the sign of the electric dipole-moment in SiH3NCS to be ®H3SiNCS e . Thus the previous choice of sign which had been based on the results of a quantum chemical CNDO/2 calculation had to be revised. For the master isotope g±, g\\ and (x±-X\\) have been determined and were used to calculate the molecular electric quadrupole moment, the paramagnetic and diamagnetic susceptibilities and the second moments of the electronic charge distribution.
Introduction
In our previous papers on the microwave spectrum of SiH3NCS we have discussed the low frequencybending mode, the restructure, dipolemoment and the 14 N-quadrupole coupling constant of this molecule [1, 2] . The experimental information on this symmetric top molecule indicated a strong contribution of the mesomer forms (II) and (III) to the electronic ground state,
N=C=S (I) H3Si
e e H3Si=N=C=S (II) e e H3Si-N = C-S (III) but it remained impossible to decide on the direction of the electric dipolemoment (Si positive or negative). To settle this problem we undertook an investigation of the rotational Zeeman effect of four different isotopic species of SiH3NCS. To improve the precision of our analysis and to demonstrate the quality of restructure determinations we further reinvestigated the rotational spectra of three isotopic species of SiH3NCS.
Experimental
The preparation of the samples has been described previously [1, 2] . The spectra were recorded with a conventional 33 kHz square wave Stark effect modulated microwave spectrometer equipped with Reprint requests to Prof. Dr. D. Sutter, Institut für Physikalische Chemie der Universität Kiel, Abt. Chemische Physik, Olshausenstraße 40-60, D-2300 Kiel. Please order a reprint rather than making your own copy.
0340-4811 / 79 / 0400-0482 $ 01.00/0 an electromagnet. Details of the design of the Zeeman-microwave-spectrometer may be found elsewhere [3] , To improve the S/N ratio especially for the rare isotopes 28 SiH3i 4 N 12 C 34 S and 30 SiD3 14 N 12 C 32 S, which where observed in natural abundance (~ 4%), we used signal averaging [4] .
restructure
The pure rotational spectra of D3 28 Si 14 N 12 C 32 S, D3 28 Si 14 N 12 C 34 S and D3 3 <>Si 14 Ni 2 C 32 S are given in Table 1 . The observed frequencies were fitted to the frequency formula [5] :
A complete list of rotational-and centrifugal distortion-constants for all isotopic species of SiH3NCS, which have been investigated is given in Table 2 .
The r8-bond distances [6, 7] , which were calculated from the rotational constants of Table 2 . Rotational constants and centrifugal distortion constants of eleven isotopic species of SiHsNCS. Except for the two partially deuterated compounds [16] all spectra have been reported in this series [1] , [2] . Because Dj was not determined in Ref. [16] we have assumed a value of Dj = 0.08 kHz for the last two isotops.
It is obvious, that the z-coordinate rz decreases, as the number of deuterium bonds N in the isotopic combination used increases (N -1 for a), N = 3 for b), and N = 5 for c)). Under the assumption of a linear dependence of rz on N, we have calculated the z-coordinates of the hydrogen-and deuterium-atoms in the limiting cases of the SiH3-group (iV = 0) and the SiD3-group (N = 6). This leads to slightly different effective bond distances and bond angles within the SiÜ3-and SiD3-groups (see Figure 1) . The experimental uncertainties in the rs-coordinates are 2 • 10~4 Ä for the heavy atoms and 1 • 10 -3 Ä for the hydrogen atoms. 
Zeeman Effect
To analyze the rotational Zeeman effect we used the following Hamiltonian [8] :
where the appropriate matrix elements in the uncoupled basis | J, K, Mj, I, Mf) are given in [8] .
Because the splitting of the J ^ J 1, K = 0 transitions in the magnetic field is independent of J (at least in the rigid rotor limit), we used high J transitions between 26.5 and 38 GHz to determine (see Table 3 ). g\\ and (%± -%\\) of the master isotope 28 SiH3 14 N 12 C 32 S were obtained from an investigation of the J J' = 3 4, K = 3 transition at 12 GHz. The analysis of these splittings is Table 4 . Table 3 . Zeeman splittings of the J->J +1, K = 0 rotational transitions of four different isotopic species of SiHsNCS (in kHz) under the selection rule AM -±1. In the rigid rotor limit the observed doublett splittings are independent of J. The effect of the susceptibility anisotropy Ax on the different MjMj +1 components within the two Zeeman components of each transition can be neglected for the high J-transitions used here, and only the g± -values were fitted to these splittings. strongly impeded by a) the presence of a nonnegligible 14 N-quadrupole coupling, b) the interference from nearby K = 2, 1,0 lines and c) the mixing of different Mj-substates by the translational Stark-effect [9] , which causes a smearing of the lines. The resulting molecular Zeeman parameters are listed in Table 4 . In Table 5 we present a listing of Table 4 . Molecular Zeeman parameters of the master isotope H3 28 Si 14 N 12 C 32 S. g± was calculated from the splittings listed in Table 3 . g\\ and (x±-X\\) were determined by comparing observed and calculated line profiles for the J->J' = 3->-4, K = 3 transition (see Fig. 2 and 3 ). For comparison we also give the Zeeman parameters of silylbromide [8] .
J->J'
SiHjjNCS SiH3Br molecular quantities which may be derived from the Zeeman data given in Table 4 , from the molecular structure, and from the bulk susceptibility, for which an approximate value was calculated from Pascals constants [17] . We note that -as expected -the paramagnetic susceptibilities xuP of SiH3NCS and SiH3Br turn out almost the same. Since they originate from those parts of the molecule where the electron configuration lacks cylindrical symmetry [10] they are largely determined by the structure of the silylgroup.
Sign of the Electric Dipole Moment
The rotational gr-values, when measured for two or more isotopic species of a molecule, can be used to calculate the direction and approximate magnitude of the electric dipole moment. For a substitution, which shifts the centre of mass along the symmetry axis z by Az, so as to change all coordi- Table 5 . Molecular quantities derived from the experimental data given in Table 4 . The values for SiH3Br are taken from [8] . The bulk magnetic susceptibilities are calculated from the Pascal constants [17] , with an assumed uncertainty of ± 10% for SiH3Br and -because of the exceptional bonding situation -± 20% for SiHsNCS. The A-rotational constant has been calculated from the rs-structure.
SiH3NCS
SiH3Br
Molecular quadrupole moments in units of 10~2 6 nates zk =Zk -Az, and which changes I± and gx to Ix' and g±' we have [8] :
We measured the ^-values for four isotopic species of S1H3NCS and obtained the following results: Combination
- (2) -0. The results show unequivocally, that the silicon atom is situated at the positive end and that the sulfur atom is situated at the negative end of the molecular dipole: ®H3Si-N-C-S e .
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The absolute value of | | = 2.8 +1.8 D determined here is in agreement with the value of |jMei| =2.38 + 0.02 D determined from the molecular Stark effect [2] . The result indicates, that in a simplified picture the electronic ground state of SiH3NCS may be described by a 65% to 35% mixture of the mesomer forms (II) and (III) [2] , which is in good agreement with the observed bond distance of the Si-N bond [2] .
Discussion
The result of the experimental determination of the direction of the electric dipole moment (Si at positive end) came as a surprise to us, since an earlier semiempirical quantum chemical calculation with Poples CNDO/2 program [11, 2] had given the opposite sign. The CNDO/2 value for the dipole moment is + 0.8 D (Si at negative end) and includes a +3.2 D contribution from p-d orbital overlap in the region of the Si-N bond. Apparently the CNDO/2 program overestimates this effect by far and the question may be raised whether at all the silicon 3d orbitals are involved to a significant extent in the electron configuration of SiH3NCS. The doubts as to the significance of the Si-3d orbitals for the bonding may be further aggrevated by the results of a quantum chemical STO-3G calculation on SiH3NCS carried out at the University of Bielefeld by Engelbrecht and Schöller [12] . The STO-3G program which does not explicitly include 3d-type orbitals at the silicon atom not only did predict the stability of the linear arrangement of the SiNCS chain, but also calculated the electric dipole moment as //STO-3G = -3.5 D (Si at positive end), i.e. it predicted the correct sign of the dipole moment, although the calculated value is about 1.1 D off the experimental value determined from the Stark effect. However, we doubt, that the < Fig. 3 . Comparison of the observed «/->«/' = 3->4, K -3, Mj->Mj±l transition at 22.866 kG with calculated Zeeman patterns (observed minus calculated). To demonstrate the accuracy of the analysis shown in Fig. 2 , we have successively varied g\\ and Ax by two standard deviations and plotted the difference between observed and calculated intensities. The best values for g\\ and Ax (<7n = -0.315 and Ay = 28.0) which were obtained in a fit to the observed spectra shown in Fig. 2 , were used in the first calculation (1) . For the second calculation (2) we have varied Ax ( <7H = -0.315, Ay = 22.0) and for the third one (3) we have varied ^ (gr,, = -0.325, Ax = 28.0). results of the STO-3G program may be used to entirely discard the idea of p:rc-d:7R bonding in SiH3NCS, since the same program gave comparatively poor results when applied to disilylether, an other molecule in which \)7i-&7i bonding is thought to be important [13, 14] . In H3Si-0-SiH3 the Si-0-Si bond angle calculated with the ST0-3G program turns out much smaller than the observed value (SiOSiSTo-3G = 124.2° [12] as compared to <£SiOSiexp = 145° [14] ) and the potential barrier for the Si-0-Si bending vibration at the linear configuration is calculated much too high (FSTO-3G = 3.5 • 10 3 cm -1 [12] versus Fexp = 0.112 • 10 3 cm -1 [15] ). In view of the comparatively short Si-N bond distance [2] we therefore still believe, that inclusion of Si-3d type orbitals will be necessary, if one wants to describe the bonding in SiH3NCS correctly. Certainly silylisothiocyanate should be an interesting candidate for a refined ab initio quantum chemical calculation.
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